Strigolactones (SLs) are phytohormones that play a central role in regulating shoot branching. SL perception and signaling involves the F-box protein MAX2 and the hydrolase DWARF14 (D14), proposed to act as an SL receptor. We used strong loss-offunction alleles of the Arabidopsis thaliana D14 gene to characterize D14 function from early axillary bud development through to lateral shoot outgrowth and demonstrated a role of this gene in the control of flowering time. Our data show that D14 distribution in vivo overlaps with that reported for MAX2 at both the tissue and subcellular levels, allowing physical interactions between these proteins. Our grafting studies indicate that neither D14 mRNA nor the protein move over a long range upwards in the plant. Like MAX2, D14 is required locally in the aerial part of the plant to suppress shoot branching. We also identified a mechanism of SLinduced, MAX2-dependent proteasome-mediated degradation of D14. This negative feedback loop would cause a substantial drop in SL perception, which would effectively limit SL signaling duration and intensity.
INTRODUCTION
Plant architecture is determined in great part by branching patterns. Branches develop from axillary meristems (AMs) that form at the base of leaves. AMs undergo a growth period during which they initiate leaf primordia (and sometimes flower meristems) with no internode elongation and give rise to axillary buds. These buds can be developmentally arrested for long time periods or continue to grow to generate lateral shoots. The great diversity of branching patterns among flowering plants is determined both by the arrangement of leaves in the stem (phyllotaxis), where axillary buds are formed, and by the decision of buds to grow out to give rise to a branch or remain dormant. Phyllotaxis is mostly unaffected by external cues, whereas axillary bud outgrowth shows great plasticity, as it is regulated by developmental and environmental stimuli, such as apical dominance, nutrient availability, and light quality.
Study of the genetic pathways that regulate branch development shows a large degree of conservation over a wide range of angiosperm species, such as maize (Zea mays), rice (Oryza sativa), petunia (Petunia hybrida), tomato (Solanum lycopersicum), pea (Pisum sativum), and thale cress (Arabidopsis thaliana). Genetic and regulatory divergence have nonetheless been found (Drummond et al., 2011; Delaux et al., 2012; Challis et al., 2013) , which could help to account for the variations in branching patterns between groups. In all species analyzed, long-distance signaling and local gene activity participate in the regulation of axillary bud growth. Systemic signaling that prevents branch outgrowth involves auxin and the recently identified hormone strigolactone (SL; Gomez-Roldan et al., 2008; Umehara et al., 2008) .
Auxin is synthesized in the shoot apex and transported basipetally (toward the root) through the polar auxin transport stream (PATS) (Thimann and Skoog, 1933; Skoog and Thimann, 1934) . SL is synthesized in the root and other plant organs and is transported acropetally (toward the shoot) in the xylem (Foo et al., 2001; Kohlen et al., 2011) . Auxin is thought to suppress branching indirectly through two mechanisms, by modulating the activity of second messengers (i.e., SL and cytokinin; Nordström et al., 2004; Brewer et al., 2009 ) and due to competition between shoot apices for auxin export into the PATS . SL is also proposed to have two roles in the regulation of shoot branching, including dampening of auxin transport, thus enhancing competition between buds for their common auxin sink (Bennett et al., 2006; Prusinkiewicz et al., 2009; Crawford et al., 2010; Balla et al., 2011; Shinohara et al., 2013) , and transcriptional activation of the growth repressor BRANCHED1 (BRC1) (Braun et al., 2012; Dun et al., 2012 Dun et al., , 2013 . BRC1-like genes, expressed inside axillary buds, encode class II TCP (for TEOSINTE BRANCHED1, CYCLOIDEA, and PCF) transcription factors (Martín-Trillo and Cubas, 2010 ) that delay bud growth and development and promote bud dormancy (Aguilar-Martínez et al., 2007; Finlayson, 2007; Martín-Trillo et al., 2011; Braun et al., 2012; Dun et al., 2012; González-Grandío et al., 2013) .
Several genes involved in SL synthesis and perception, whose mutants show increased branching and reduced stature, have been characterized in a number of species. Active SL is synthesized from b-carotene by a set of proteins conserved in monoand dicotyledons. The DWARF27 (D27) gene, first characterized in rice, encodes an isomerase that acts at the initial steps of this pathway by transforming trans-b-carotene to 9-cis-b-carotene (Lin et al., 2009; Alder et al., 2012; Waters et al., 2012a) . CAROTENOID CLEAVAGE DIOXYGENASE7 (CCD7) and CCD8 (HTD1/D17/ DAD3/RMS5/MAX3 and D10/DAD1/RMS1/MAX4, respectively) (Sorefan et al., 2003; Booker et al., 2005; Snowden et al., 2005; Johnson et al., 2006; Zou et al., 2006; Arite et al., 2007; Drummond et al., 2009; Pasare et al., 2013) produce carlactone, a putative intermediate compound in the pathway (Alder et al., 2012; Seto et al., 2014) . The MORE AXILLARY GROWTH1 (MAX1) gene, so far identified only in Arabidopsis, encodes a cytochrome P450 monooxygenase that acts downstream of CCD7 and CCD8 (Booker et al., 2005) . The phenotype of excessive branching in mutants for all these SL synthesis genes can be rescued by application of SL.
A second group of genes whose mutants are at least partially insensitive to SL are thought to be involved in SL perception and signaling. MAX2 genes (Stirnberg et al., 2002; Ishikawa et al., 2005; Johnson et al., 2006) encode F-box proteins that participate in SCF (for Skp1, Cullin, RBX1, F-box protein) complexes of E3 ubiquitin ligases. D14/DECREASED APICAL DOMINANCE2/HTD2 (D14/ DAD2/HTD2) code for a/b-fold hydrolases that bind and hydrolyze SL in vitro (Arite et al., 2009; Gao et al., 2009; Liu et al., 2009; Gaiji et al., 2012; Hamiaux et al., 2012; Waters et al., 2012b; Kagiyama et al., 2013; Nakamura et al., 2013) . In yeast two-hybrid assays, the petunia DAD2 and MAX2b proteins interact in an SL concentrationdependent manner (Hamiaux et al., 2012) . This interaction has been confirmed in rice for D14 and D3 (Jiang et al., 2013; Zhou et al., 2013) . These findings have led to the proposal that DAD2/D14 is the SL receptor that, after interaction with SL, binds MAX2/D3 to select target proteins for degradation. Rice proteins D53 and SLENDER RICE1 (SLR1) (Jiang et al., 2013; Zhou et al., 2013; Nakamura et al., 2013) and Arabidopsis BRI1-EMS-SUPPRES-SOR1 (BES1) (Wang et al., 2013) are likely targets for degradation through this pathway. A protein closely related to D14/DAD2, D14-like/KARRIKIN-INSENSITIVE2 (KAI2), genetically interacts with MAX2 (Waters et al., 2012b) . KAI2 binds a second hormone, karrikin (KAR), a compound present in bushfire smoke that triggers seed germination (Bythell-Douglas et al., 2013; Guo et al., 2013b; Kagiyama et al., 2013) . These observations suggested that D14 and KAI2 mediate SL and KAR signaling, respectively, through interaction with MAX2 (Waters et al., 2012b .
In this study, we screened for mutants with excessive branching at high-planting density and identified seto5, an allele of the Arabidopsis D14 gene. Seto5 carries a point mutation in a conserved residue of the protein that reveals an amino acid position essential for D14 function. We compared D14 promoter activity and D14 protein distribution and found that they are not identical, which might indicate that D14 moves between cells within a short range. Nonetheless, it cannot move acropetally from the root to rescue the shoot branching phenotype of d14 mutants. Most notably, we discovered a mechanism of negative feedback regulation by which SL induces rapid degradation of D14, which could effectively limit the duration and intensity of SL signaling.
RESULTS

Identification and Phenotypic Characterization of the seto5 Mutant
To identify genes involved in the regulation of shoot branching, we performed a genetic screen to search for mutants with increased numbers of lateral shoots. We grew ethyl methanesulfonatemutagenized Columbia-0 (Col-0) plants at a density of nine plants/ 36 cm 2 pot, a condition that leads to complete branch suppression in wild-type plants (Aguilar-Martínez et al., 2007) . We screened for individuals with four or more lateral branches and termed them seto (bush in Spanish) mutants. One plant bred true (seto5), yielding plants that consistently displayed a bushy phenotype. We backcrossed seto5 to wild-type Col-0 plants and confirmed 3:1 wild type:mutant segregation in the F2 population, indicating that a single locus is responsible for the phenotype.
seto5 mutants, backcrossed twice to Col-0, had a significantly larger number of primary rosette branches (RI, Figure 1 ) than the wild type ( Figures 1B and 1C ). In growth conditions in which wildtype plants had approximately two primary rosette branches at maturity, mutants had more than six primary rosette branches. seto5 plants had fewer secondary branches (RII and CII, Figure 1A ) relative to primary branch number ( Figure 1D ). In addition, mutant plants were slightly shorter than controls ( Figure 1E ).
To study the seto5 mutant phenotype during early bud development, we compared the developmental stage of wild-type and seto5 axillary buds formed at identical node positions in plants grown for 28 d in long photoperiods. At this stage, all plants had undergone flowering and were starting to bolt. In wild-type plants, buds nearest the apex were more developmentally advanced than those farther from the apex ( Figure 1F , top). This gradient was also observed in seto5 mutants, but all buds were developmentally more advanced than those of the wild type ( Figure 1F , bottom).
To determine whether flowering time of lateral inflorescences was also accelerated, we counted, in lateral shoots, the number of leaves formed before emergence of the first flower. In wild-type and seto5 plants, we studied the branch formed in the most apical rosette leaf (21) and those in the two most basal cauline leaves (+1 and +2) ( Figure 1G ). seto5 mutant lateral inflorescences had one fewer leaf than the wild type, as reported for mutants in the BRC1 locus (Niwa et al., 2013;  Figure 1G ). Double mutant seto5 brc1-2 plants resembled brc1-2 mutants, indicating that brc1-2 is epistatic for this character ( Figure 1G ).
These results suggest that, in wild-type plants, the SETO5 locus delays axillary bud development, lateral shoot outgrowth, and flowering time of lateral inflorescences.
Cloning of seto5: d14-2
High-resolution mapping (Supplemental Figure 1) combined with whole-genome sequencing of seto5 individuals allowed the identification of a single homozygous nonsynonymous nucleotide 2 of 17
The Plant Cell Figure 1) . The gene At3g03990 is At-D14 (Waters et al., 2012b) , the ortholog of rice D14 (Arite et al., 2009; Gao et al., 2009; Liu et al., 2009 ) and petunia DAD2 (Hamiaux et al., 2012) . These loci are required for SL-dependent inhibition of shoot branching. The F1 progeny from crosses between seto5 mutants and the strong mutant d14-1 in which full-length transcripts are undetectable (Waters et al., 2012b; Supplemental Figure 2A ) were phenotypically mutant: They showed an increased number of primary rosette branches and reduced stature relative to wild-type plants (Supplemental Figures 2B and 2C ). This confirmed that the phenotype of seto5 was caused by the point mutation in D14, and we renamed this mutant d14-2/seto5. A 2.3-kb genomic region comprising 553 bp 59 of the TSS, the 804-bp coding sequence (CDS), and a 916-bp region 39of the stop codon (Supplemental Figure 2A ) of D14 was sufficient to complement the d14-2/seto5 mutation (Supplemental Figures 2D and 2E ), indicating that this sequence contained the regulatory regions necessary for D14 function. Constructs carrying only the 553 bp 59 of the TSS and the 804-bp CDS also rescued the d14-2/seto5 mutant phenotype (Supplemental Figure 2F) .
We analyzed the phenotype of two additional mutant lines with T-DNA insertions at 153 and 71 bp 59 of the D14 TSS, termed d14-3 and d14-4, respectively (SALK_057876 and GABI-KAT-759C03; Supplemental Figure 2A ). Neither showed excess of branching or reduced stature in the homozygous condition nor in heteroallelic combination with d14-2/seto5 (Supplemental Figure 2B ) despite d14-3 showing significantly reduced levels of D14 mRNA (Supplemental Figure 3) . This suggests that D14 mRNA levels are not limiting in Arabidopsis. We also generated d14-2/seto5 max2-1 double mutants whose phenotype resembled that of max2-1 plants ( Figures 1H and 1I ), confirming D14 involvement in the SL pathway.
In summary, the d14-2/seto5 mutant is a strong loss-of-function allele of D14 that carries a point mutation in the CDS of the gene.
Relationship between D14 and BRC1
It has been proposed that BRC1 is downstream of the SL pathway in pea, Arabidopsis, and rice (Aguilar-Martínez et al., 2007; Finlayson, 2007; Brewer et al., 2009; Braun et al., 2012; Dun et al., 2012 Dun et al., , 2013 Minakuchi et al., 2010) . To further test this relationship, we studied transcript levels of each gene in cauline leaves and axillary buds of the reciprocal single mutant. D14 mRNA levels were unaltered in brc1-2 mutants (Figures 2A and 2B) , whereas BRC1 mRNA levels were greatly reduced in d14-2/seto5 mutants, in both axillary buds and cauline leaves (Figures 2A and  2B ). Then, we studied the branching and height phenotypes of wild-type, d14-2/seto5, and brc1-2 plants as well as double mutant d14-2/seto5 brc1-2 plants. Double mutants had significantly more branches than the single mutants, indicating additivity of the phenotypes ( Figure 2C ). This was in contrast with the flowering time and height phenotypes, which showed no additivity ( Figures 1G and 2D) .
These results support both the transcriptional regulation of BRC1 by the SL pathway and also partially nonoverlapping roles for BRC1 and SL-related genes in the regulation of shoot branching (see Discussion).
The d14-2/seto5 Protein D14 belongs to the a/b-fold hydrolase superfamily (Ishikawa et al., 2005; Arite et al., 2009 ). The crystal structures of petunia DAD2, rice D14, Arabidopsis D14, and KAI2 show that they have a canonical a/b-fold hydrolase domain with a substrate binding pocket and the Ser-His-Asp catalytic triad necessary for hydrolase activity. A cap formed by four helices partially covers the active site with nonpolar residues (Hamiaux et al., 2012; Bythell-Douglas et al., 2013; Guo et al., 2013b; Kagiyama et al., 2013; Zhao et al., 2013;  Figure 3C ). In D14 proteins, the pocket can bind the synthetic SL analog GR24 (Hamiaux et al., 2012; Kagiyama et al., 2013; Nakamura et al., 2013) . In KAI2, the pocket binds the synthetic KAR KAR 1 (Bythell-Douglas et al., 2013; Guo et al., 2013b; Kagiyama et al., 2013) . Protein destabilization and conformational changes have been detected after ligand binding in both protein types (Hamiaux et al., 2012; Guo et al., 2013b; Nakamura et al., 2013) .
The strong phenotype of d14-2/seto5, which has a single Pro169Leu substitution, suggested an important role for this residue. We mapped this position in the 3D protein structure using PyMOL (www.pymol.org) and found that it is located at the N terminus of cap helix aD3, with the side chain exposed to the solvent (Figures 3A and 3C to 3E; Supplemental Figure 4 ). To (G) Flowering time, expressed as number of leaves, of lateral inflorescences of wild-type, d14-2/seto5, and brc1-2 mutants and d14-2/seto5 brc1-2 double mutants. 21, uppermost RI; +1 and +2, first and second basal-most CI branches. (H) and (I) Number of RI branches (H) and height of the main inflorescence (I) of d14-2/seto5 max2-1 double mutants. Asterisks denote significant differences in Student's t tests (P < 0.0001). Letters denote significant differences in one-way ANOVA test (Tukey test P < 0.05). Data shown as mean 6 SE (n = 20). d14-2/seto5 is labeled as d14-2 for clarity.
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The Plant Cell study potential destabilizing effects of this mutation, we compared the differences in free energy of unfolding (DDG) between the wild-type and mutant proteins. No large destabilizing effects were predicted for this mutation (Supplemental Table 1 ). Sequence comparison of a large collection of D14-related proteins revealed that Pro-169 is fully conserved among D14-related proteins, while KAI2-related proteins have a highly conserved Ser in this position ( Figure 3A ; Supplemental Figure  4 ). Indeed, Pro-169/Ser-168 is a specificity-determining position (SDP; de Juan et al., 2013) that may provide functional specificity to D14 and KAI2 ( Figure 3B ). This position is adjacent to a loop whose length and composition also differ between D14-type and KAI2-type proteins ( Figures 3A, 3C , and 3D; Supplemental Figure 4 ). KAR 1 binding to KAI2 causes conformational changes in the side chains of 11 KAI2 protein residues (Guo et al., 2013b) . Four of them are in close proximity to Ser-168 (Supplemental Figure 5) . Mapping of the equivalent residues in D14 (Val-168, Ala-170, Glu-174, and Arg-177; Supplemental Figure 4 ) confirmed that they also cluster around Pro-169 ( Figure 3E ).
In summary, the d14-2/seto5 allele has a Pro→Leu mutation in an SDP located not in the active site, but in the external surface of one of the D14 protein cap helices. Calculations of free energy of unfolding (DDG) indicate that this mutation should not destabilize the 3D structure. However, this mutation is located in a protein surface region that, by analogy with KAI2, could undergo conformational changes after SL binding and interfere with protein-protein interactions essential for functional SL signaling.
D14 Expression Patterns and Protein Distribution during Arabidopsis Development
To identify the plant tissues in which D14 has an important role, we studied its mRNA and protein distribution during plant development. First, we analyzed its mRNA levels in different tissues by quantitative real-time PCR (qPCR). In 28-d-old plants grown in long days (which had undergone flowering), D14 was transcribed at high levels in rosette and cauline leaves and at lower levels in axillary buds, inflorescences, stems, and roots (Supplemental Figure 6 ).
We then generated transcriptional and translational fusions lines of D14. For this, we made three constructs carrying the 540 bp upstream of the D14 TSS fused to the CDS of the b-GLUCU-RONIDASE (GUS) gene (D14pro:GUS) or the same D14 promoter region fused to the CDSs of D14 and GUS or GREEN FLUO-RESCENT PROTEIN (GFP; D14pro:D14:GUS or D14pro:D14: GFP). These two types of lines could complement the phenotype of d14-2/seto5 mutants (Supplemental Figure 2) . We studied GUS/ GFP expression in nine representative T3 homozygous lines. In 5-d-old D14pro:GUS seedlings, GUS staining accumulated in the root and in the developing vascular tissue of cotyledons. Root expression became progressively restricted to the vascular cylinder ( Figure 4A ). In 10-d-old seedlings, the vascular tissue of the hypocotyl also showed GUS activity ( Figure 4B ). In general, root (A) and (B) Transcript abundance of D14 and BRC1 in cauline leaves (A) and axillary buds (B) of wild-type, d14-2/seto5 (d14-2), and brc1-2 quantified by qPCR. Data shown as mean 6SE (n = 3 to 5 biological replicates). Asterisks denote significant differences in Student's t test (**P < 0.01).
(C) Number of RI (primary rosette branches) of wild-type, brc1-2, d14-2/seto5, and d14-2/seto5 brc1-2 F3 plant siblings. (D) Height of the main inflorescence of the same plants. Letters denote significant differences in one-way ANOVA test (Tukey test P < 0.05). Data shown as mean 6SE (n = 20).
Strigolactone Promotes Degradation of D14 5 of 17 expression was undetectable in the meristematic zone but was strong in the differentiation zone and detectable in the elongation zone of some lines ( Figure 4L ). Analysis of thin sections of plasticembedded roots confirmed that GUS expression was progressively restricted to phloem strands ( Figures 4M to 4O ). The lack of expression in the root meristem and GUS accumulation in root phloem cells was consistent with previous high-resolution expression profilings (Brady et al., 2007) . In the aerial part, the D14 promoter was active throughout leaf primordia and young leaves (Figures 4B and 4C) . Expression was progressively restricted to the phloem in expanding cotyledons, leaves, sepals, petals, and stamen filaments ( Figures 4B, 4D , 4I, and 4K) and was almost undetectable in mature leaves ( Figure 4E ). GUS signal was also strong in the style ( Figure 4K ), flower pedicels ( Figure 4J ), and the apical-most region of the inflorescence stems but not in the basalmost region ( Figures 4F and 4J ). Thin sections showed that GUS accumulated in a ring of cortex cells in the stem (Figures 4P and 4Q) . Cortex sectors adjacent to the vascular bundles showed more GUS expression that those next to interfascicular regions ( Figures  4P and 4Q ). In addition, the D14 promoter was active throughout axillary buds ( Figures 4G and 4H ). The general distribution of D14: GUS in D14pro:D14:GUS lines paralleled that of the promoter activity but D14:GUS was more widespread: In nine independent homozygous lines, the protein was also detected in the root (A) Sequence alignment of the Arabidopsis D14 segment comprising the Pro169Leu mutation, with ortholog sequences petunia DAD2 (Hamiaux et al., 2012) , rice D14 (Arite et al., 2009; Gao et al., 2009; Liu et al., 2009; Hamiaux et al., 2012) , paralog KAI2 (Waters et al., 2012b) , and related bacterial protein RsbQ (Brody et al., 2001) . Red arrow indicates Pro-169 and corresponding amino acid Ser-168 in KAI2. Asterisks indicate residues Met-166 and Ile-169, which undergo conformational changes in KAI2 after KAR 1 binding (Guo et al., 2013b) . Horizontal red bars indicate the position of two of the KAI2 cap a-helices (Kagiyama et al., 2013) .
(B) Logos of SDPs that differ in D14 (top) and KAI2 (bottom) ortholog sequences. Numbering corresponds to D14 and KAI2 protein sequences. Pro-169 and Ser-168 are shown in red. Hydrophobic residues are indicated in black, polar residues in green, and Gly and Pro in yellow. Letter size represents percentage of conservation within protein classes.
(C) Front view of D14 (PDB:4ih4) and KAI2 (PDB:3w06) structural alignment. Helical caps of D14 and KAI2 are highlighted in salmon pink and yellow, respectively. Active site residues are in blue, D14 Pro-169 is in red, and KAI2 S168 is in green.
(D) Close-up view and side chain superposition of wild-type D14 P169 (red), mutant Leu-169 (blue), and KAI2 Ser-168 (green). Note that the Pro-169 side chain is exposed to the solvent and that KAI2 loop (yellow) is longer than that of D14.
(E) D14 structure in surface representation. Residues corresponding to residues in KAI2 that undergo side-chain movement after KAR 1 binding are labeled and highlighted in red, Pro-169 in purple and cap domain in pink.
6 of 17 The Plant Cell meristem ( Figures 4R and 4S ), root and shoot epidermis ( Figures  4T to 4W) , and shoot vasculature ( Figures 4U and 4W ). D14:GFP subcellular localization, analyzed in D14pro:D14: GFP and CaMV35Spro:D14:GFP lines, was both cytoplasmic and nuclear in all tissues studied ( Figures 4X to 4Z) , consistent with WoLF PSORT predictions (Horton et al., 2007) .
D14 Does Not Move Long Distances Acropetally in the Plant to Regulate Shoot Branching
To test whether D14 could act non-cell autonomously in the regulation of shoot branching, we performed reciprocal micrografting between wild-type, d14-2/seto5, max2-1, and max4-1 rootstocks and scions and studied their branching phenotypes ( Figure 5 ). If the D14 mRNA or protein moved long distance acropetally or if D14 was exclusively involved in the synthesis of a bioactive compound transported upwards in the plant, d14-2/seto5 scions grafted to wild-type stocks would have a wild-type, or at least a partially rescued, branching phenotype. Instead, we found that d14-2/seto5 scions grafted to either wild-type, max2-1, or max4-1 rootstocks remained bushy, like max2-1 scions ( Figure 5 ). This was in agreement with grafting experiments performed with dad2 in petunia (Simons et al., 2007) and indicated that, like MAX2, D14 is required locally in the aerial part of the plant to suppress shoot branching. This is also consistent with the proposed interaction between D14 and MAX2 and with a role for D14 in SL perception and signaling.
D14 Transcription Is Neither Responsive to SL nor Auxin Signaling nor to Bud Growth Status
To analyze D14 transcriptional regulation, we tested whether expression of this gene was affected by SL or auxin signaling, as described for other SL-related genes (Sorefan et al., 2003; Bainbridge et al., 2005; Foo et al., 2005; Snowden et al., 2005; Johnson et al., 2006; Zou et al., 2006; Arite et al., 2007; Simons et al., 2007; Hayward et al., 2009; Mashiguchi et al., 2009; Guan et al., 2012; Waters et al., 2012b) or by bud growth status, like petunia DAD2 (Hamiaux et al., 2012) .
We quantified D14 transcript levels in young seedlings, cauline leaves, and axillary buds of max2-1, max4-1, and d14-2/ seto5 mutants. Expression of D14 did not change significantly in any background or plant tissue, except for a slight reduction in transcript levels in d14-2/seto5 mutant axillary buds ( Figure 6A ). We then treated young wild-type seedlings with 5 mM synthetic SL GR24 (24 h), which confirmed that D14 mRNA levels were unresponsive to GR24. MAX2, by contrast, responded negatively to GR24 ( Figure 6B ). To test whether D14 transcription is positively regulated by auxin levels or transport, we compared D14 mRNA levels of young seedlings treated with synthetic auxin 1-naphthaleneacetic acid (NAA), the auxin transport inhibitor 1-N-naphthylphthalamic acid (NPA), or the mock control (24 h). D14 transcript levels showed only moderate reduction in NPA-treated plants ( Figure 6C ). In a second experiment, we monitored the response of the D14 promoter to NAA or NPA treatment (24 h) in D14pro:GUS seedlings; there were no significant changes in GUS activity in treated relative to mock-treated seedlings ( Figure 6F ), although NAA effectively activated the synthetic auxin response promoter DR5 ( Figure 6G ).
Finally, in axillary bud tissue, we studied the transcriptional response of D14 to treatments affecting bud growth status, (S) to (U) The 3-mm transverse plastic-embedded sections of root tips. (S) shows the meristematic zone, and (T) and (U) are sections similar to those in (N) and (O). GUS signal is widespread in (S) and (T) and accumulates in the epidermis, cortex, and phloem (arrowheads) in (U). (V) and (W) Stem transverse plastic-embedded sections comparable to those in (P) to (Q). GUS is detectable throughout the cortex, epidermis, and phloem (arrowheads). Number of rosette branches in plants obtained from the micrografts indicated, quantified 14 d after bolting. Data shown as mean 6 SE. Numbers on bars indicate the number of individuals analyzed. **P < 0.01; ***P < 0.001.
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The Plant Cell (A) qPCR quantification of D14, MAX2, and MAX4 transcript abundance in seedlings, cauline leaves, and axillary buds of d14-2/seto5, max2-1, or max4-1 plants relative to levels in wild-type Col-0 plants.
(B) Transcript abundance of D14, MAX2, and MAX4 and BRC1 in seedlings treated for 24 h with 5 mM GR24 (synthetic SL analog) compared with mocktreated plants.
(C) D14 and MAX4 transcript levels in 10-d-old seedlings treated with 10 mM NAA or 10 mM NPA (auxin transport inhibitor) relative to levels in mocktreated plants.
(D) and (E) D14 and MAX2 mRNA levels measured in axillary buds of decapitated plants 8 h after treatment relative to levels in intact plants grown in parallel (D) and of plants treated with red + far-red light for 8 h relative to levels in red light-treated plants grown in parallel (E).
Strigolactone Promotes Degradation of D14 9 of 17 including decapitation of the main shoot, which promotes bud activation, and 8-h exposure to far-red-rich light, which promotes bud dormancy. D14 mRNA levels were unaffected by both treatments ( Figures 6D and 6E ), whereas MAX2 mRNA levels correlated positively with bud dormancy in both cases ( Figures 6D and 6E) . These results show that D14 mRNA levels are thus not responsive to changes in SL or auxin signaling, nor do they correlate positively with bud growth arrest in Arabidopsis.
The D14 Protein Is Rapidly Degraded in the Presence of SL
As D14 did not appear to be regulated transcriptionally, we investigated a potential posttranslational regulation. To test whether the D14 protein was regulated by SL, we treated young seedlings carrying either D14pro:D14:GUS/GFP or CaMV35Spro:D14:GFP constructs with GR24 and studied D14:GUS and D14:GFP protein levels at different times. When incubated for 24 h with 5 mM GR24, plants showed a striking reduction in GUS and GFP signal especially in rosette leaves and hypocotyl, although the effect was also noticeable in roots (Figures 7A and 7C to 7G; Supplemental Figure  7 ). By contrast, max2-1 mutant plants carrying the same constructs did not show reduced levels of GUS/GFP when treated with GR24 (Figures 7B and 7G; Supplemental Figure 8 ). GR24-treated D14pro:GUS control plants did not display reduced GUS protein levels (Supplemental Figure 9) .
We then performed a time-course analysis of the response in Arabidopsis. We did immunoblots with a-GFP in D14pro:D14:GFP seedlings treated 1, 2, 4, 6, 8, and 24 h with 5 mM GR24 and detected a negative effect of GR24 on D14:GFP accumulation as early as 1 to 2 h after the beginning of the GR24 treatment ( Figure  7H ). Protein levels begun to recover 26 h later, even in the presence of GR24, perhaps due to GR24 hydrolysis by D14 and new protein synthesis. Removal of GR24 after 24 h led to accelerated protein accumulation ( Figure 7I ). The effect of GR24 was dose dependent and still detectable at GR24 concentrations of 50 to 100 nM ( Figure 7J ). This response was strongly suppressed by simultaneous treatment of plants with the proteasome inhibitor MG132 ( Figure 7K ).
All these results indicate that SL promotes rapid degradation of D14 and that this response requires a functional MAX2 gene. If D14 is the SL receptor, as proposed, this negative feedback regulation would cause a substantial drop in SL perception that could very effectively limit the extent of SL signaling.
DISCUSSION
D14 as an SL Receptor
Two alternative roles have been proposed for D14-type proteins in plants, as enzymes that transform SL into bioactive compounds and as SL receptors. Growing evidence supports the latter possibility and suggests that D14 links SL perception and signaling through protein-protein interactions with MAX2-type proteins (Arite et al., 2009; Hamiaux et al., 2012; Waters et al., 2012b; Kagiyama et al., 2013) . Our grafting experiments, which show that the bushy phenotype of d14-2/seto5 mutants cannot be rescued by grafting their shoots to wild-type rootstocks, are consistent with grafting experiments performed with dad2-1 in petunia (Simons et al., 2007) and confirm a local requirement for D14 in the aerial part of the plant. This is in agreement with the proposal that D14 and MAX2 (also required in the shoot for branch suppression; Booker et al., 2005; Stirnberg et al., 2007) must interact to trigger SL signaling.
Spatial Regulation of SL Signaling
According to the recent model, D14 and MAX2 interact in the presence of SL (Hamiaux et al., 2012; Zhou et al., 2013; Jiang et al., 2013) , although in Arabidopsis, this interaction may not be direct (Wang et al., 2013) . As MAX2, D14, and SL are not distributed ubiquitously, the SL response would only take place in tissues in which these three factors coincide. MAX2 is widely distributed in axillary buds, young leaves, hypocotyl, vasculature, and flower organs (Shen et al., 2007; Stirnberg et al., 2007) . D14 expression patterns and protein distribution largely overlap with those of MAX2 in axillary buds, root vasculature, and carpel. Moreover, the wider distribution of GUS in D14pro:D14: GUS relative to D14pro:GUS lines raises the possibility that the D14 protein moves, at least within a short range, and is perhaps unloaded from the root phloem. Alternatively, regulatory motifs within the open reading frame of D14 could, in D14pro:D14:GUS lines, regulate transcription in tissues adjacent to those identified using the D14pro:GUS lines. In situ hybridization of D14 mRNA and immunolocalization of the D14 protein will help elucidate these possibilities. In some other tissues, such as the shoot cambium, where MAX2 has been shown to play an essential role (Agusti and Greb, 2013) , the D14 protein does not accumulate measurably. One possibility is that MAX2 does not interact with D14 for this function; alternatively, small, belowdetection amounts of D14, which perhaps is degraded rapidly after the interaction, are sufficient to trigger SL signaling in this tissue. At the subcellular level, the nuclear localization of MAX2 (Shen et al., 2007; Stirnberg et al., 2007) and D14 (which is nuclear and cytoplasmic) would allow their physical interactions in the nucleus without special translocation events.
By contrast, the interaction between SL and D14 may need to be promoted. SL has been shown to be transported in the xylem sap (Foo et al., 2001; Kohlen et al., 2011) where D14 is undetectable. Moreover, some D14-and MAX2-expressing tissues, such as very young axillary buds, whose development responds to SL signaling, are not yet connected to the vasculature. Although SL accumulation in phloem and other tissues is (F) and (G) Histochemical assays of D14pro:GUS (F) and DR5:GUS (G) in 4-d-old seedlings treated for 24 h with 10 mM NAA, 10 mM NPA, or mock. Bar = 1 mm for (F) and (G). Data shown as mean 6 SE (n = 3 to 4 biological replicates). Asterisks denote significant differences in Student's t test (*P < 0.05; **P < 0.01).
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The Plant Cell yet unknown, this seems to imply that a system of cell-to-cell SL delivery may be required to regulate SL-D14 interactions. Such a system has been described in petunia, where it is regulated by the ABC transporter PDR1 (Kretzschmar et al., 2012) . Arabidopsis SL transporters have not yet been identified, but transgenic plants carrying the PDR1pro:GUS construct show promoter activity in the vascular tissue, stem nodes, and regions that subtend axillary buds (Kretzschmar et al., 2012) . SL might be exported from the xylem to the basal region of buds, thus promoting bud arrest.
The d14-2/seto5 Protein
We identified d14-2/seto5, a loss-of-function mutant allele in the D14 locus, which has a single Pro169Leu amino acid substitution and causes a consistently strong, bushy phenotype. The Pro-169 position is probably not involved in ligand binding or hydrolytic activity, nor is the Pro169Leu mutation predicted to cause large destabilizing effects in the protein structure. Pro-169 is located in the external surface of the cap domain with the side chain exposed to the solvent, suggesting that the mutation affects critical proteinprotein interactions. This position is one of the seven SDPs (Rausell et al., 2010) found between D14 and KAI2 proteins, which have either conserved Pro or Ser, respectively, suggesting that these residues help determine the functional specificity of each protein type. It is also unlikely that they are involved in D14-MAX2 interactions, as both D14 and KAI2 seem to interact with MAX2, based on molecular and genetic evidence (Nelson et al., 2011; Hamiaux et al., 2012; Waters et al., 2012b; Kagiyama et al., 2013) . Pro-169 could participate in the recognition of sets of proteins to be targeted for degradation through the SL pathway, such as D53-, BES1-, or DELLA-related proteins (Jiang et al., 2013; Nakamura et al., 2013; Wang et al., 2013; Zhou et al., 2013) . The equivalent position in KAI2, Ser-168, is surrounded by amino acids that undergo measurable conformational changes upon KAR 1 -KAI2 binding (Guo et al., 2013b) . If this situation is analogous for D14, SL binding and/or hydrolysis could cause allosteric changes in the area surrounding Pro-169, creating or modifying a protein-interacting surface. This model would resemble that of the gibberellin receptor GID1, an a/b-fold hydrolase superfamily protein, in which gibberellin acts as an allosteric effector and induces conformational changes in the cap that folds back to generate a DELLA binding surface (Murase et al., 2008; Shimada et al., 2008) . Further experiments will help evaluate this model; second-site mutagenesis and search for d14-2/seto5 suppressors could reveal additional components of the pathway acting in close proximity to the SL-D14 complex.
Relation of BRC1 and the SL Pathway
A positive transcriptional regulation of BRC1 by the SL pathway has been proposed based on the strong downregulation of (A) to (F) GUS histochemical activity of D14pro:D14:GUS plants in Col-0 (A) or max2-1 (B) background after 24-h treatment with mock (left) or GR24 (right). Fluorescence image of young CaMV35Spro:D14:GFP seedlings after 24-h treatment with mock (C) or GR24 (D). Fluorescence image of D14pro:D14:GFP seedlings after 24-h treatment with mock (E) or GR24 (F). Bars = 500 mm. (G) D14:GFP response to GR24 analyzed by immunoblot using a-GFP antibody in D14pro:D14:GUS plants in Col-0 (wild type) or max2-1. (H) Time course of D14:GFP accumulation in response to GR24. Protein extracts (10 mg) from 5-d-old D14pro:D14:GFP seedlings treated with GR24 (+) or mock (2) for 0 to 24 h were separated by 10% SDS-PAGE and identified as a 56.5-kD band.
(I) After a 24-h GR24 treatment, seedlings were maintained in MS with (+) or without GR24 (2) for 1 to 8 h. (J) Dose response of D14:GFP to 24-h treatments with increasingly higher concentrations of GR24. (K) D14:GFP response to GR24 in the presence of MG132. In (G) to (K), Ponceau stainings are included for loading reference. All GR24 treatments used a 5 mM concentration unless indicated.
BRC1 in axillary buds of SL mutants and its upregulation in buds in response to SL application (Aguilar-Martínez et al., 2007; Finlayson, 2007; Braun et al., 2012; Dun et al., 2012 Dun et al., , 2013 . However, these transcriptional changes could simply reflect SLdependent bud dormancy or activity, to which BRC1 expression is tightly associated. Now, we have also observed a strong transcriptional downregulation of BRC1 in d14-2/seto5 cauline leaves, organs in which no obvious phenotypic effects are detected in brc1 mutants. This supports a direct transcriptional regulation of BRC1 by the SL pathway in organs different from axillary buds. Moreover, the late flowering phenotype of d14-2/seto5 brc1-2 double mutants, identical to that of brc1-2 mutants, suggests that in the control of flowering time, SLs could act entirely through regulation of BRC1, whose protein could in turn interact with FT, as described by Niwa et al. (2013) . By contrast, the additive shoot branching phenotypes of d14-2-seto5 and brc1-2 supports that SLs act not only by upregulating BRC1 but also by other mechanisms not directly related to BRC1 (i.e., PATS dampening and degradation of branching-promoting factors, such as D53 and BES1; Jiang et al., 2013; Wang et al., 2013; Zhou et al., 2013) .
Conservation and Evolution of D14-Like Gene Regulation
Mutants bearing loss-of-function alleles of D14-like genes in rice (Arite et al., 2009; Gao et al., 2009; Liu et al., 2009) , petunia (Hamiaux et al., 2012) , and Arabidopsis (Waters et al., 2012b ; this study) show increased branching and reduced stature, indicating functional conservation of these genes in the determination of plant architecture. Some degree of divergence in their regulation is nonetheless evident. For instance, the rice D14 gene was reported to be transcribed in parenchyma cells surrounding the xylem (Arite et al., 2009) , whereas in Arabidopsis, we found the strongest transcriptional activity of D14 in the phloem, young organs, and cortex cells of elongating stems. Petunia DAD2 and rice D14 mRNA levels correlate positively with bud dormancy (Arite et al., 2009; Hamiaux et al., 2012) , while this is not the case for Arabidopsis D14. In rice, TB1 was proposed to be a transcriptional activator of D14. In protoplast assays, TB1 interacts with MADS57, a transcriptional repressor of D14, thus reducing the inhibitory effect on D14 transcription (Guo et al., 2013a) . If this regulatory pathway was conserved in Arabidopsis, we would predict that mutants in the OsTb1 homolog, BRC1, would have reduced D14 mRNA levels. We have found that this is not the case. Indeed, D14 transcription levels are not greatly altered by any stimulus studied so far, with the exception of darkness . Effective regulation of protein stability in this group might have rendered its transcriptional regulation irrelevant, leading to evolutionary loss.
Negative Feedback Loops in SL Signaling
We observed that SL destabilizes D14, probably by promoting its proteasome-mediated degradation. If D14 is confirmed as the SL receptor, this would represent an example of an interesting phenomenon whereby a plant hormone triggers degradation of its own receptor. This response requires a functional MAX2 gene, as we found that D14 is resistant to SL in max2-1 mutants. MAX2 could participate directly in the SCF complex that tags D14 for degradation, implying that D14 could be a MAX2 substrate, like SLR1, D53, and BES1 (Jiang et al., 2013; Nakamura et al., 2013; Wang et al., 2013; Zhou et al., 2013) . Alternatively, other proteins targeted by the SCF MAX2 complex might prevent D14 degradation, so that their removal during SL signal transduction could lead to D14 destabilization through other ubiquitin-related systems. Interestingly, while D53 and BES1 degradation occurs within 8 to 30 min after SL treatment, D14 degradation is slower, 1 to 2 h after SL treatment. This is in agreement with Jiang et al. (2013) and Zhou et al. (2013) , who did not find SL-mediated destabilization of D14 in 1 h. One possible scenario is that once the SL-dependent substrates are degraded via the SL:D14:SCF MAX2 complex, D14 itself becomes destabilized. This negative feedback regulation to modulate D14 protein levels would cause a drop in SL perception that could effectively limit the extent of SL signaling. This scenario resembles that of the clock-associated protein EARLY FLOWERING3 that, after acting as substrate adaptor to promote recognition of GIGANTEA by the E3-ubiquitin ligase CONSTITUTIVE PHOTO-MORPHOGENIC1 (COP1), is in turn ubiquitinated and degraded via COP1, leading to a cycling signaling (Yu et al., 2008) .
In summary, SL signaling homeostasis seems to be modulated by a strong negative feedback regulation that affects not only the transcription of SL synthesis genes (Bainbridge et al., 2005; Foo et al., 2005; Snowden et al., 2005; Johnson et al., 2006; Arite et al., 2007; Drummond et al., 2009; Dun et al., 2009; Hayward et al., 2009 ) but also the stability of the D14 protein. The transcriptional regulatory mechanisms require functional SL signaling. This posttranslational regulation of D14 requires at least functional MAX2, but it remains unknown whether SL signal transduction is necessary. Assays performed using the d14-2/seto5 protein will help clarify this point.
Additional mechanisms that regulate this pathway might involve regulation of D14 cell-to-cell movement, modulation of SL transport, and/or availability and regulation of D14 nuclear localization to modulate the intensity of D14-MAX2 interactions. Further work is still needed to understand the stoichiometry of this process and the regulatory bottlenecks through which the signaling pathway is mostly regulated.
METHODS
Plant Material and Growth Conditions
Wild-type Arabidopsis thaliana was the Col-0 ecotype. The d14-2/seto5 allele was an ethyl methanesulfonate mutant generated by Lehle Seeds (www.arabidopsis.com). Homozygote seeds from plants backcrossed twice to wild type Col-0 were used. d14-1 (NASC ID: N913109), d14-3 (NASC ID: N678534), and d14-4 (NASC ID: N557876) were obtained from the Nottingham Arabidopsis Stock Centre. brc1-2 has been described (Aguilar-Martínez et al., 2007) . max2-1 and max4-1 mutants were provided by O. Leyser. Wild-type and mutant seeds were sown on commercial soil and vermiculite at a 3:1 proportion, stratified in darkness (4°C, 3 d), and grown in a 16-h-light/8-h-dark photoperiod at 22°C in white light (W; PAR, 100 mmol m 22 s 21 ). For the experiment in Figure 2D , seeds were grown in conditions as above and exposed for 8 h to white light (W; red [R]: far red [FR] ratio = 11.7) or W supplemented with FR (W+FR, R:FR ratio = 0.2) as described (González-Grandío et al., 2013) . For auxin response assays, seedlings were germinated in vertical plates in Murashige and Skoog (MS) medium, 0.7% agar, 1% Suc (MAS) and grown as above for 15 d and then transferred to MAS + 10 mm NAA or MAS + mock (24 h).
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Light Sources
White light was provided by cool-white 20-W F20T12/CW tubes (Phillips). Supplemental far-red light was provided by lamp tubes carrying far-red 735-nm LEDs (L735-03AU; EPITEX).
Protein Structure Analyses
Homolog sequences for D14, KAI2, and RsbQ were obtained by BLAST searches against the UniProt database. Sequence hits were further aligned with MUSCLE (Edgar, 2004) . SDPs were analyzed with JDet (Muth et al., 2012) using the S3det method (Rausell et al., 2010) implemented in the JDet software. D14 (PDB:4ih4) and KAI2 (PDB:3w06) structures were aligned with FATCAT (Ye and Godzik, 2004) . Mutant side chain orientation (Figure 3 ) was generated using FoldX (Schymkowitz et al., 2005) . We identified residues of D14 corresponding to those in KAI2 undergoing side-chain movement after KAR 1 binding (Guo et al., 2013b) . These residues were mapped in D14 structure (PDB:4ih4) using PyMOL (www.pymol.org). To assess the change in protein stability after mutation (DDG), we used the D14 structure (PDB:4ih4) with the prediction methods FoldX (Schymkowitz et al., 2005) , I-Mutant (Capriotti et al., 2005) , SDM (Worth et al., 2011) , Eris (Yin et al., 2007) , and Concoord/PBSA (Benedix et al., 2009 ).
Micrografting
Grafting was performed in tissue culture by joining shoot scions and root stocks of young, 6-d-old seedlings (grown on plates at 25°C in 16-h light days) at the level of their hypocotyls as described (Ragni et al., 2011) . Successful grafts were transferred onto soil 7 d after grafting and grown in 16-h-light days. Phenotypes were scored 14 d after bolting.
Decapitation Assay
Col-0 plants were grown until main inflorescences were 2 to 3 cm in length. In half of the plants, the main shoot, including the cauline nodes, was removed; six to eight decapitated and nondecapitated rosettes were collected for each biological replicate 24 h after decapitation. RNA was extracted as described in González-Grandío et al. (2013) , and qPCR was performed with three biological replicates.
Positional Cloning
The seto5 mutation was mapped by the Instituto de Bioingeniería-Universidad Miguel Hernández Gene Mapping Facility (Elche, Spain) as described (Ponce et al., 1999 (Ponce et al., , 2006 . In brief, for low-resolution mapping, the DNA of 50 F2 phenotypically mutant plants was extracted individually and used as a template to multiplex PCR coamplify 32 SSLP and insertion/ deletion molecular markers using fluorescently labeled oligonucleotides as primers. For fine mapping, 400 additional F2 plants were used to assess linkage iteratively between seto5 and molecular markers designed according to the polymorphisms between Landsberg erecta and Col-0 described at the Monsanto Arabidopsis Polymorphism Collection database (http://www. arabidopsis.org).
Genome Sequencing
Whole-genome sequencing of 40 mg of pooled genomic DNA from six seto5 individuals was performed by BGI (www.genomics.cn); 2.79 Gb of clean data was analyzed with an average effective depth of 22.75 X.
Phenotypic Analysis
Branches (shoots >1 cm) were counted 2 weeks after the main inflorescence became visible. AM initiation and early bud development phenotype analyses were performed as described (Aguilar-Martínez et al., 2007) . Flowering time of cauline and rosette branches was analyzed by counting the number of rosette and cauline leaves.
Plastic Embedding of Stem Sections
Stem fragments (5 to 10 mm) from immediately above the uppermost rosette leaf were fixed in 4% glutaraldehyde and 0.1% Tween (20 to 24 h), dehydrated in ethanol series up to 100% ethanol, washed in preinfiltration solution (50% ethanol and 50% infiltration solution), and passed to the infiltration solution of the Historesin Standard kit (Leica). Subsequent steps were done according to the manufacturer's instructions. Sections (3 mm) of resinembedded specimens were prepared with a Leica microtome and tungsten carbide blades, floated in a 50°C water bath, collected on a slide, and allowed to dry. Nontransgenic lines were stained with 1% cresyl violet (Sigma-Aldrich C-5042). Sections were mounted in Surgipath micromount (Leica).
GUS Histochemistry
GUS staining was performed as described (Sessions et al., 1999) .
GR24 Treatments
Seedlings were grown in vertical MS + agar plates and were then transferred to liquid MS + 1% Suc medium with 5 µM GR24 (from a stock solution in acetone) or the corresponding acetone volume (mock) and grown in normal growth conditions for different times. When specified, other concentrations of GR24 were used. For the MG132 treatment, MG132 was added to a concentration of 50 µM at T0, and identical amounts were added to the incubation solution every hour. For the immunoblot experiments, 1-week-old seedlings were used.
Protein Extraction and Immunoblots
Five-day-old seedlings were frozen in liquid N 2 , and total protein was extracted in PBS buffer, 0.1% SDS, 0.1% Triton X-100, 1 mM PMSF, 5 mM b-mercaptoethanol, and protease inhibitors (5 µM E-64, 50 µM leupeptin, 1 µM pepstatin, and 10 µg/mL aprotinin). The extract was centrifuged (15 min, 16,000g, 4°C), and the supernatant was collected. Protein concentration was determined in a Bradford assay. Protein extracts (10 mg) were denatured by boiling (5 min, 95°C), separated by 10% SDS-PAGE, and transferred to polyvinylidene difluoride membranes (BioRad). To confirm equivalent protein loading, membranes were stained with Ponceau reagent. Membranes were probed with anti-GFP-horseradish peroxidase antibody (1:1000; Milteny Biotec), and signal was detected using ECL reagent (Invitrogen).
D14 Constructs
The CDS of D14 and d14-2/seto5 and the 2.3-kb genomic fragment of D14 and the D14 promoter were amplified from genomic DNA using Phusion polymerase (Finnzymes) with indicated primers (Supplemental Table 2 ). The CDS of MAX2 was amplified using indicated primers (Supplemental Table 2 ). PCR fragments were BP cloned into the entry vector pDONR207 (Gateway; Invitrogen). For the CaMV35Spro:D14:GFP construct, the CDS was LR cloned into the destination vector pGWB5. For D14pro:GFP:D14, the genomic fragment was cloned into pGWB4. For D14pro:GUS, the promoter was cloned into pGWB3. All pGW vectors were provided by Tsuyoshi Nakagawa (Shimane University; Nakagawa et al., 2007) .
Arabidopsis Transgenic Plants
Transgenic plants (Col-0) were generated by agroinfiltration using the floral dip method (Clough and Bent, 1998) . T3 homozygous lines Strigolactone Promotes Degradation of D14 13 of 17 generated from T1 individuals carrying a single transgene insertion were analyzed.
RNA Preparation and qPCR Analyses
Material was harvested from at least eight individuals and a minimum of three biological replicates per genotype/treatment and stored in liquid N 2 . RNA was isolated with the RNeasy plant mini kit (Qiagen). Possible traces of DNA were eliminated with an RNase-Free DNase set (Qiagen). RNA was used to make cDNA with the High-Capacity cDNA archive kit (Applied Biosystems). The qPCR reactions were performed with Power SYBR Green (Applied Biosystems) and the Applied Biosystems 7300 real-time PCR system, according to the manufacturer's instructions. Three technical replicates were done for each biological replicate. Primers pairs are described in Supplemental Table 2 . The SAND gene was used as reference (Czechowski et al., 2005) .
Accession Number
Sequence data from this article can be found in the GenBank/EMBL libraries under the following accession number: D14 (At3g03990), NM_111270.2; GI:30679007.
Supplemental Data
The following materials are available in the online version of this article.
Supplemental Supplemental Figure 9 . GUS Is Not Destabilized by SL.
Supplemental Table 1 . Difference in Free Energy of Unfolding between the Wild-Type D14 Protein and Mutant Atd14-2/seto5 Protein.
Supplemental Table 2 . Primers Used in This Study.
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